A simple and rapid method for ftuation, procesSing, and Epon embedding of cells grown on a fdter support is described. The results show that it is possible to embed fdtergrown cells in resin within 30 min of applying the primary Technical Note fixative and still to achieve good ultrastructural preservation. ( J Hisrochem Cyfochem &:731-733, 1995) 
Introduction
In recent years, an increasing number of cell lines have been grown on permeable filter supports. The filter support allows access of nutrients and growth factors to both the apical and the basolateral surfaces of the monolayer, enabling the cells to be grown under more physiological conditions. As a result, epithelial and endothelial cells acquire a phenotype closer to their counterparts in tissues in vivo as judged by both morphological and functional criteria (e.g., [1] [2] [3] [4] [5] . Growth on filters also allows the study of polarized properties of epithelial cells, such as transcellular transport (1.6.7). endocytosis (8,9) , and tight junction properties (lo) , which is impossible in cells grown on conventional supports.
In the course of experiments to study membrane traffic in polarized epithelial cells, we have realized that filter-grown cells can offer advantages over plastic-grown cells with respect to Epon embedding. Whereas the traditional Epon-embedding scheme involves many hours of work, we show that cells grown as a monolayer on a filter support can be processed for Epon embedding (from addition of the primary fixative to curing) in approximately 30 min.
Materials and Methods
Cell Culture. Madin-Darby canine kidney (MDCK) Strain I1 cells were plated on 0.4-pm polycarbonate Transwell filters (24.5-mm diameter, catalogue number 3412; Costar, Cambridge, MA) as previously described (11). A431 cells were plated the day before the experiment at a density o f 2 x lo6 cells per filter on the following supports: Transwell polycarbonate fdters (as above), Transwell-COL (Costar 3425, 24.5-mm diameter, 0.4-pm pore size, collagen-treated transparent filters), Transwell-clear (Costar 3452, 24.5-mm diameter, 3.0-pm pore size, polyester uanslucent fdters), and Nunc ' Correspondence to: Dr. R.G. Parton, EMBL, Meyerhofstr. 1, D69012 Heidelberg, Germany.
(Roskilde, Denmark) inorganic tissue culture inserts (25-mm diameter, 0.2-pm pore size, catalogue number 162138).
Elecuon M i m p y . 'Ihe Epon mixture was prepared as follows (d components from Serva, Heidelberg, Germany): 74 ml of glycid ether 100, 50 ml of 2-dodecenylsuccinic acid anhydride (DDSA). and 40 ml ofmethylnadic anhydride (MNA) were mixed extensively. Then 2.5 ml of 2,4,6,-Tris (dimethylaminomethy1)phenol (DMP) was added. After further mixing. the complete mixture was stored at -20°C in aliquots and thawed once before use. Glutaraldehyde was purchased from Merck (Dannstadt, Gcrmany) and Os04 from Plano (Marburg, Germany). Other chemicals were from Sigma (St Louis, MO).
Rapid Embedding Protocol. The filters were removed from the filter units in PBS containing 1 mM Ca" and 0.5 mM Mgz+ as follows. Costar filters were cut around the edge using a scalpel. For the more fragile limswll-COL filters, a nitrocellulose filter of the same diameter was placed under the filter before cutting around the periphery. Nunc filters were removed from the unit using the supplied breakout tool. All the filters were then cut into small strips approximately 2 mm wide and 4 mm long. The filter pieces were fixed in 2.5% glutaraldehyde in 50 mM sodium cacodylate. pH 7.35, for 5 min at room temperature (RT) by immersion. The filter pieces were then transferred to a 3-cm dish containing 2 ml of 100 m M cacodylate, pH 7.35, and gently agitated. After a further 5 min the filter pieces were incubated in 4% os04 in distilled water for 5 min at RT in the dark. They were then transferred to distilled water for 5 min. The filter pieces were then dipped once in 100% ethanol (dried over a molecular icve) and then dehydrated twice for 5 min. each filter piece in approximately 2 ml of ethanol. After this time, the excess ethanol was removed by d i p ping the filter pieces held in forceps into 100% Epon. They were thcn immediately transferred to an embedding mold (Plano; trough size 12.5 mm x 4.5 mm x 3 mm) containing the Epon mixture and cured at 65'C for a minimum of 6 hr. Note that all steps in the processing scheme were performed by transferring the pieces of filter from each solution to the next with forceps rather than by removing the solutions from one container. Care was taken to hold the filter pieces in the center of the strip so that the cells to be sectioned (at either end of the strip) remained undamaged. The processing scheme is summarized in Figure 1 . Sections were stained with 3% uranyl acetate in 50% ethanol for 5 min and then with Reynolds lead citrate (12) for 1 min. Photographs were taken at an accelerating voltage of 60 kV.
Results and Discussion
Filter-grown MDCK and A431 cells processed using the rapid embedding protocol (summarized in Figure 1) show remarkably good morphology (Figure 2 ), which is similar to that observed after conventional embedding protocols. The cells are well-infiltrated and the membrane preservation and staining are perfectly acceptable. At higher magnification ( Figures 2B-2E ) the cell ultrastructure appeared well preserved, although some dilation of the Golgi complex could be observed in MDCK cells. The method was found to be suitable for Transwell polycarbonate filters (Figures 2A, 2B , 2D, and 2E) as well as for various transparent filters, including Nunc inorganic membranes ( Figure 2C ) and transparent Costar filters (results not shown). The only difference observed after sectioning the various filters was the degree of Epon infiltration into the actual filter support. The infiltration into the Nunc filters was poor, and this led to a disintegration of the filter during sectioning. However, this had no affect on cell morphology or the ease of sectioning.
The results show that filter-grown cells can be processed for Epon embedding using a very simple and quick method. This is a massive saving in time and labor compared to traditional embedding sequences. No extensive washing steps are required, and there is no conventional Epon infiltration step. Presumably, the fact that the added reagents have access to the cells from both surfaces is a major factor in the shortening of the processing time. Transfer of the filter between reagents, rather than having to remove and add the solutions, also reduces the time necessary to remove traces of the previous reagents. Plastic-grown cells processed in parallel by this method showed poorer structural preservation (results not shown).
The advantages of the rapid embedding protocol are clear: 30 min after the end of an experiment the samples can already be curing in the oven. Usually we section the samples and assess the results of the experiment the following morning. Because we only process a small piece of the original filter, the remaining filter can be used for light microscopy, for frozen sectioning, or (if necessary) processed by standard Epon embedding procedures. In addition, the simplicity of this method means that many different protocols can be assessed in a short space of time. This is particularly useful when labeling protocols are being optimized (e.g., for markers of endocytic compartments, for surface labeling, or for pre-embedding protocols). The samples can even be fixed, processed, and sectioned the same day after a 6-hr curing time. One further advantage of filter-grown cells for morphological experiments involving surface labeling or pre-embedding techniques is that the filter can be cut up into many pieces and incubated with small volumes of immunological reagents. Although many polarized cells, such as epithelial and endothelial cells, are routinely grown on filters, fibroblast-like cells can also be grown on permeable supports. For any procedures requiring the rapid processing of cultured cells for Epon embedding, the culture of cells on a filter support can clearly provide a considerable advantage. 
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